We investigated whether open-heart surgery with the use of extracorporeal circulation has an impact on menstrual bleeding.
INTRODUCTION
Among healthy women, haemodynamic parameters and volume homeostasis vary slightly within the menstrual cycle [1] . In women with complex congenital heart disease, these changes are more profound due to a more labile haemodynamic system influenced by cyanotic congenital malformations, chronic systemic venous congestion, pulmonary hypertension, use of cardiovascular medications, residual valvular heart disease and rhythm disorders [2, 3] . Besides occurring chronically in some patients with congenital heart disease, menstrual disturbances can also be observed in women with regular cycles after other types of surgery. Patients with congenital heart disease often have increased red cell mass as a response to systemic arterial hypoxaemia. Blood loss with consequent reduction in red cell mass related to surgery can result in destabilization of this adaptive mechanism [4] .
We have observed that women with and without cyanotic heart disease can have changed menstrual patterns in the perioperative period, which can be an issue of concern for some. Therefore, we aimed to investigate the prevalence of menstrual disturbances in relation to cardiac surgery, and whether menstrual bleeding in the perioperative period would influence surgical bleeding in a consecutive cohort of adult women undergoing heart surgery.
MATERIALS AND METHODS
The menstrual bleeding pattern was registered in fertile women undergoing elective open-heart surgery in 2010-12 in our unit (Table 1) . Haematocrit, 24-h postoperative bleeding and platelet count were compared with an age-matched group of 22 men undergoing heart surgery in the same period (Table 2) . Patients received heparin 300 IU/kg body weight, and an activated clotting time >400 was the target before cardiopulmonary bypass. Protamin was administered depending on the amount of heparin given, usually 1 mg per 100 IU of heparin.
Tranexamic acid was given routinely to all first-time operations, and trazylol was given at reoperations. Cardiopulmonary bypass times varied from 28 to 213 min, with a mean of 93 min among women and 78 min among men. Temperature under bypass was on average 35°C (range 18-37). Cold blood cardioplegia was given in the majority of patients, and cold crystalloid in the remaining at the discretion of the surgeon.
Two women were excluded due to the use of a 'P stick' and missing information on menstrual status obtained at admission. Twenty-two women with a mean age of 36 (range 17-60) years underwent surgery. Demographics and indications for cardiac surgery are listed in Table 1 . Mean length of stay was 4.5 (range 3-5) days. All patients except one were operated on extracorporeal circulation and therefore received low-molecular heparin. All patients who received a mechanical heart valve prosthesis were placed on life-long warfarin, while those receiving a bioprosthesis took aspirin for 3 months postoperatively.
At admission, women were asked about the first day of their last menstrual period, whether their menstrual pattern was regular or irregular, how many days the usual menstrual bleeding lasts, when they expected their next menstrual period to occur, whether they used contraceptives and which, and for women using oral contraceptives, when they took the last pill. If a woman had menstrual bleeding during admission, the length of bleeding in days was noted, and they were asked whether the bleeding was particularly strong compared with an average bleeding.
RESULTS
One woman had cyanotic congenital heart disease. Haematocrit in the cyanotic female patient was 60%. Menstrual bleeding and surgical bleeding were not associated. The 8 women who had active menstrual bleeding during surgery had an average surgical bleeding volume of only 215 ml in the first 24-h postoperatively (range 100-300).
Fifteen of the 22 women had menstrual bleeding either on the day of admission, the following day (when they had surgery performed) or during the first 5 postoperative days (Table 3) .
Nine women had menstrual patterns as expected. Six of them (age 17-60 years) had menstruation during admission, and one was using oral contraceptives.
The remaining 13 women (60%) had disturbances in their menstrual cycle. One expected, but did not have, menstrual bleeding during hospital admission. Four had bleeding 1-7 days earlier than expected. Four had menstrual bleeding 8-14 days earlier, and 2 had re-bleeding within the admission period (lasting 2-5 days). Three women had menstrual bleeding 1-7 days delayed. None had unusual large or long-lasting bleeding.
Ten women were taking oral contraceptives. Two of them had menstrual period as expected. Eight had menstrual bleeding despite having taken the pill as usual the evening before and again the evening after surgery.
There was no difference between complex and more simple operations in terms of menstrual disturbances, and the irregularities in the menstrual bleeding were not associated with postoperative blood loss.
DISCUSSION
The number of women with congenital heart disease achieving adulthood is rapidly increasing. The likelihood of elective cardiac surgery during adult life for this growing patient group increases the relevance of common gynaecological issues, also those related to hospital admission and surgery. Nevertheless, very little attention has been given to this subject in the literature. The few studies regarding gynaecological issues in women with congenital heart disease have shown that women with acyanotic cardiac malformations, as all are except one woman in the present study, have similar menstrual patterns compared with healthy women [2, 3] . In contrast, women with cyanotic cardiac malformations are much more likely to have menstrualcycle irregularities [2, 3] . Women taking oral anticoagulants naturally have an increased risk of menorrhagia [3, 5] .
In the context of cardiac surgery, several factors can contribute to alterations in menstrual bleeding patterns. The use of heparin, altered platelet function related to the use of extracorporeal circulation, blood dilution and use of anaesthetic drugs are some of the possible mechanisms. In patients with congenital heart disease, these factors, associated with the altered haemodynamics, could explain the high prevalence of menstrual disturbances in the perioperative period found in this study. However, the menstrual bleeding instability observed in the women in the present cohort had only a mildly inconvenient character, as the volume of the menstrual bleeding was relatively small, and it had no influence on surgical bleeding and consequent haematocrit at discharge. In this study, there was no difference in the degree of menstrual disturbances between complex and more simple operations. However, given the small amount of patients included in this study, it is not possible to perform subgroup analyses.
It is unusual to have menstruation at the age of 60 years, but the woman in this cohort of this age is an exception, and she still had regular menstrual cycles.
The inclusion of women using hormonal contraception could theoretically influence this study's results, as they are more likely to present regular menstrual patterns. However, 8 of the 10 women using oral contraception in the present study did have menstrual bleeding during hospital admission, showing that those are also susceptible to menstrual-cycle irregularities in relation to cardiac surgery.
In conclusion, the menstrual cycle is disturbed by elective open-heart surgery in the majority of fertile women with congenital heart disease, but the volume of bleeding is neither particularly long-lasting nor of large quantity. The total surgical bleeding is, moreover, unaffected by the perioperative menstrual bleeding. We recommend that judicious information about the likelihood of irregular menstrual bleeding in relation to cardiac surgery be provided, but no specific precautions be taken in this regard when performing cardiac surgery in women of fertile age.
